Aims. The determination of effective temperature for chemically peculiar (CP) stars by means of photometry is a sophisticated task due to their abnormal colours. Standard calibrations for normal stars lead to erroneous results and, in most cases corrections are necessary. Methods. In order to specify appropriate corrections, direct temperature determinations for 176 objects of the different subgroups were collected from the literature. This much larger sample than in previous studies therefore allows a more accurate investigation, mostly based on average temperatures. Results. For the three main photometric systems (U BV , Geneva, Strömgren uvbyβ), methods to determine effective temperature are presented together with a comparison with former results. Based on the compiled data we provide evidence that He (CP4) objects also need a considerable correction, not noticed in former investigations due to their small number. Additionally, a new relation for the bolometric correction and the capability of standard calibrations to deduce interstellar reddening for magnetic CP stars are shown.
Introduction
There are only a few direct temperature determinations available of chemically peculiar (CP) stars (results other than from photometry), insufficient to study their evolutionary status. Additionally, photometric standard calibrations for normal stars are mostly inappropriate because of their anomalous properties, e.g. blanketing effects, individual abundances or magnetic fields influencing the photometric colours. Using some peculiar stars with direct temperature determinations, Geneva and Strömgren photometry was recalibrated by Hauck & North (1993) , Napiwotzki et al. (1993) , Stȩpień (1994) , or Hauck & Künzli (1996) . However, small numbers have often allowed only a vague estimate of the CP stars temperature behaviour, best seen on the basis of the CP3 (HgMn) sample used by Hauck & North (1993) comprising only five objects. Napiwotzki et al. (1993) have included only two stars for comparison, but for the group of CP4 stars insufficient data also were available. Several new temperature determinations having been published, we decided to refine the available corrections and calibrations for the abovementioned photometric systems based on a larger sample. Due to the fact that numerous new CP2 (magnetic group with enhanced Si, Cr, Sr or Eu) objects also have been detected in galactic open clusters or even in the Large Magellanic Cloud (e.g. Netopil et al. 2007; , and photometric data in the abovementioned systems are scarce at larger distances, an investigation of the widely used U BV photometric system is necessary in order ⋆ Correspondence to: martin.netopil@univie.ac.at to examine the (extra)galactic distribution of CP objects in detail.
Data collection
Our used starting point was the compilation of chemically peculiar "standards" in previous temperature calibration investigations (e.g. Hauck & North 1993) . Due to the small number of available direct temperature determinations, most of the same stars have been used for the calibration of the different photometric systems. We consulted the literature to collect more temperatures reported to date and older ones ignored in previous compilations and included only temperature determinations not based on photometry. Results based on averaged values including photometric results were rejected, the same holds for works with no clear description of the method used. Furthermore, the objects were checked for membership of one of the CP groups following the classification scheme by Preston (1974) primarily using the peculiarity types given in Renson et al. (1991) and Bychkov et al. (2003) , refined with additional literature values. The He representatives are divided into CP4a (He-weak) and CP4b (He-rich). For the CP3 members subgroups also have been defined (see Sect. 4.3) . If a classification was uncertain, the object was rejected. For instance, the star HD 2628 was found to be a nonclassical Am star by . An exception was made in the case of the stars HD 5737 and HD 125823. Hunger & Groote (1999) classified them as intermediate stars which show Heweak and He-rich behaviour, they were kept as CP4ab. For two cool CP2 stars (HD 29578 and HD 92499, both with T eff < 8000) we are unable to calibrate their temperature, since only Geneva photometry was available and therefore it was not possible to deduce reddening information. Since for these two stars only one temperature determination was found, they were rejected from the sample. In total, 364 individual temperature determinations for 176 CP stars taken from 71 references have been found that fulfil the criteria above. Since we have not noticed significant differences in the overall result between the various methods, no weighting was performed. Some outliers are found, but a rejection was only carried out if more than two determinations were available and a temperature by the same or comparable method was deviated strongly. This was necessary for only about 2% of the nearly 400 individual results. Finally an average and the resulting standard deviation was calculated. For about 92% of the sample the standard deviation does not exceed 5%. Some outliers are based on two references only, or the literature values are spread equally over a large temperature range, making a rejection of individual results difficult.
Photometric data in the studied systems (U BV , Strömgren uvbyβ, Geneva) were collected by using the General Catalogue of Photometric Data (GCPD, Mermilliod et al. 1997) . Since the averaged photometry is based on many references with several individual measurements, in addition to wrong photometry, the influence of several kinds of variability is reduced. If no data were found, the literature was consulted in order not to ignore existing measurements. An overview of the number of CP stars compiled can be seen in Table 1 .
The compiled references were divided into groups of comparable temperature determination methods. These are (a) the Infrared Flux Method (IRFM) introduced by Blackwell & Shallis (1977) , (b) fitting solar/enhanced models to the visual energy distribution, (c) fitting solar/enhanced models to the total energy distribution (from UV to red) as well as (d) fitting (Balmer) line profiles with solar/enhanced models. Three references (e) do not fit into these categories. Stȩpień & Dominiczak (1989) presented a new method based on visual energy distribution modelling and a correction of the UV flux deficit. Cidale et al. (2007) investigated He peculiar stars using a spectrophotometric system based on the measurement of the continuum energy distribution around the Balmer discontinuity. Since this method was not applicable to their Herich subsample, non-LTE model atmospheres were used for this CP group. Bruntt et al. (2008) determined for the first time the temperature of HD 128898 using angular diameter and bolometric flux. In Table 8 we present the references for the individual CP stars together with the method used, (a)−(e). This is a rough division, but can serve as a hint to reliability of a particular determination. Falling into group (d) one can find works like Hubrig & Nesvacil (2007) , who used iterative processes to minimise the dependence of the average Fe abundance on the excitation potentials of several measured lines, but also several works like Ryabchikova et al. (2004a) using a single line such as Hα. However, further subdivision will probably result in a confusing number of groups. Several references used combinations of these methods, e.g. in the series by Adelman and collaborators often visual energy distribution modelling plus Hγ profile fitting were used, which is indicated in Table  8 as bd(+), where the plus sign shows that a model other than a solar one was used. Several objects in the comprehensive list by Adelman & Rayle (2000) have been stud- CP1  30/13  29  30  30  CP2  79/51  78  76  63  CP3  28/14  27  27  28  CP4a  20/15  20  20  20  CP4b  17/9  14  16  15  CP4ab  2/2  2  2  2 a Stars in total / with average temperatures b Number of objects with a complete set is listed ied in previous works by Adelman with good agreement.
Since it seems that the same data have been used, we only include the results of the latter reference. Furthermore, Adelman & Rayle (2000) used more recent model atmospheres than in the previous studies.
The mean effective temperatures of the compiled CP stars (Tables 4−7) are therefore based on several individual studies, determined mostly with different methods (see Table 8 ) compensating for the possible disadvantages of a particular method.
Interstellar reddening
For the vast majority of programme stars Hipparcos parallaxes (Perryman et al. 1997 ) are available. A new reduction of the data (van Leeuwen 2007) has been published, providing more accurate results. These are used for the present study. Since only a limited number of objects was found to be located closer than 50 pc from the sun, interstellar extinction is no longer negligible, especially if examining cooler CP stars in the Geneva or U BV photometric system, for which a reddening-free temperature calibration (via Geneva X/Y or the U BV Q method) is not possible. Several attempts have been made to now to model the distribution of interstellar extinction. However, these studies should be treated with caution if one intends to deredden individual stars, because such models give only a general trend and do not take local irregularities of the absorbing material into account (Arenou et al. 1992) . We therefore rely on reddening estimations based on U BV , Geneva and uvbyβ data. To examine the applicability and accuracy for CP stars because of their anomalous colours, we have chosen the compilation of magnetic CP stars in open clusters by Landstreet et al. (2007) . The available listing was reduced by using their flags to limit to at least probable cluster CP objects. We also removed objects within associations and young cluster stars (log t ≤ 7.0) to avoid strong differential reddening due to nebulous regions. Averaged cluster ages for the selection and the reddening values for the comparison are taken from Paunzen & Netopil (2006) . For clusters not included in their list, we have proceeded analogously. For the remaining 45 CPs in 26 open clusters that have a reddening up to 0.5 mag, we have extracted photometric measurements in the three mentioned systems using the GCPD and the literature. For all objects, data in at least one system are available. Using the Napiwotzki et al. (1993) UVBYBETA calibration, the intrinsic Geneva colours (Cramer 1982) via the X/Y parameters and the Q method for the U BV system (Johnson 
1958),
the colour excesses in the respective systems are determined. However, the latter two systems can be used only for hotter stars. Following the suggestion by North (1998) , the correction for hotter CP2 stars in the uvbyβ system as defined by Masana et al. (1998) was applied to take the peculiarity effects on c 1 and (b − y) into account. Using this method, negative reddening values are reduced reasonably; the remaining ones are set to zero. Finally, the relations
are used to transform reddening values of the different photometric systems to calculate a mean reddening. Square brackets are utilised to distinguish the Geneva excess from Johnson E(B − V ). Note the transformations E(B − V ) = 1.14E(B2−V 1) = 0.83E(B2−G) for the additional Geneva colour excesses. To reduce the influence of differential reddening, which is significantly present in NGC 2516 (see e.g. Maitzen & Hensberge 1981) , the individual determined colour excesses for CP stars E(B − V ) CP in a cluster are averaged whenever possible. Figure 1 shows the resulting deviations from the mean cluster reddening (
The CP star HD 127924 in NGC 5662 exhibits the largest difference from the mean cluster reddening (0.06 mag). When inspecting the reddening distribution by Clariá et al. (1991) in this cluster, it is obvious that it lies in a slightly less reddened region. The mean deviation was found to be comparable to the errors of the average cluster reddenings (∼ 0.02 mag). We therefore conclude that the use of the photometrically determined colour excesses is justified and it was applied to the magnetic groups of our sample. However, for objects closer than 50 pc we still assume non reddening. The methods above cannot be used safely in regions with an exotic reddening law.
Photometric temperature calibration
For all stars with available Strömgren uvbyβ photometry, their initial temperature was obtained using the UVBYBETA calibration by Napiwotzki et al. (1993) , hereafter denoted T uvbyβ . For the hotter stars with Geneva photometry, the temperature (T XY ) was estimated using the reddening-free X/Y parameters and the calibration by Künzli et al. (1997) . For both systems the grids for [M/H] = 0 are used, in order to have the possibility of a direct comparison to former studies. The stars calibratable via X/Y parameters can be selected by using X < ∼ 1.7 + 3Y and Y > ∼ −0.07 (Hauck & North 1993) as an approximation. For this subsample the U BV Q-parameter also can be calculated safely. Whenever possible, the best suited relation based on the Strömgren reddening-free indices is given, which is in all cases the [u − b] index.
One crucial point to determine the corrections for the individual CP subgroups and photometric systems is the consideration of errors. Napiwotzki et al. (1993) , Stȩpień (1994) or Lipski & Stȩpień (2008) have not used errors for the calculations of their [u − b] and [c 1 ] relations, in contrast to Hauck & North (1993) who assumed 300 K in their Geneva correction for both axes. Inspecting their results for CP2 stars with and without the use of errors, a nonsignificant difference can be found. Since the "real" errors are unknown, and even the standard deviations of the averaged temperatures cannot be considered as realistic errors, we omitted them.
In Table 2 an overview of all determined relations and the respective errors, their validity range and the correlation coefficient R can be found. In the following sections the individual CP groups are discussed together with a comparison to former results.
CP1
For the group of Am stars the situation is straightforward, since well known calibrations for normal stars can be used with high accuracy. Although they are metalrich, solar composition within the UVBYBETA calibration provides the best results (∆T < 200 K) without the need for any correction. Using the more realistic assumption of [M/H]=0.5, the temperature is systematically underestimated by ∼150 K. In the light of the findings by Hauck & North (1993) that unrecognized binarity (most of the Am stars are SB1 objects) lowers the apparent effective temperature by 2.5-3%, it seems that using a solar composition grid for the photometric calibration balances this effect. However, in the literature it was not always traceable whether binarity was taken into account for the determined effective temperatures.
In contrast to uvbyβ photometry, interstellar reddening has to be known if examining cool stars with Geneva photometry. Except for one star (HD 162132), all objects of our sample are closer than 100 pc, about one third are even members of the nearby non-reddened open cluster Hyades. Examining the reddening determined via uvbyβ photometry, one can notice that only three stars exhibit an E(B−V ) greater than 0.02 mag. In consideration of these facts and that the mean reddening of the sample is 0.004±0.008 mag, we have omitted a reddening correction (also for U BV ), evoking an error of 225 K for the hottest part assuming an error of 0.02 mag in reddening. This is just slightly higher than the mean standard deviation of the individual average effective temperatures (150 K). However, inspecting the reddening determinations via uvbyβ for the Hyades stars an excellent agreement with the mean cluster reddening was found.
The easiest and most accurate way to determine effective temperatures via Geneva photometry is the use of the (B2 − V 1) 0 relation given in Hauck (1985) : Hauck & North (1993) in this respect. Hauck & Künzli (1996) have proposed, beside the (B2 − V 1) relation above, also the direct use of the calibration by Künzli et al. (1997) , but the resulting temperatures are consistently underestimated by about 200 K for stars cooler than ∼9000 K and by the same value too high for the hotter part.
For stars in the temperature domain where the Geneva reddening-free X/Y parameters can be used directly, no correction of the calibration by Künzli et al. (1997) is necessary. However, the sample of such hot Am representatives is rather small.
In the case of Johnson U BV , a relation based on (B−V ) colours for normal stars (e.g. Flower 1996 ) results in temperatures about 200 K too low, caused by line blanketing due to metallic lines (Feinstein 1974) , that has no influence on the Geneva (B2 − V 1) index (Hauck & North 1993) . To obtain a proper calibration, objects deviating more than 150 K after applying the (B2 − V 1) relation are rejected to reduce effects of interstellar reddening or other individual variances.
All investigated systems can be used to calibrate effective temperatures at about the same accuracy level (∼ 200 K). However, uvbyβ photometry should be preferred because of the possibility to deduce interstellar reddening. If the colour excess is known or the stars are close by, an average of the three systems results in high precision. Figure 2 shows the histogram of the deviations (∆T = T eff − T phot ); only three stars exhibit a deviation of more than 150 K, whereas ∼80% are calibrated to better than 100 K.
CP2
Several studies in the past dealt with the temperature calibration for the CP2 group, the most recent being by Lipski & Stȩpień (2008) . Since our sample for this peculiar type is rather large (79 objects) compared to previous studies, we are able to restrict it to a selection of the most accurate stars, such CP2s with at least two independent temperature determinations. These 51 objects still cover the complete temperature range of 7000-14000 K, including several cool roAP stars. A lack of such cool representatives occured in previous attempts. To obtain a more realistic error analysis of the different corrections, these are applied to the whole sample in order to take the different properties and error sources of CP2 stars into account.
Within this limited sample, one star (HD 133880) shows a large discrepancy if comparing effective temperatures and temperatures determined via standard photometric calibrations, and was excluded from the analysis. Stȩpień (1994) argued that one can find good reasons to reject almost every peculiar star from a sample. However, this star is an exceptional one due to the strong magnetic field and its geometry (Landstreet 1990) .
One additional object deserves closer attention. HD 173650 was investigated by two authors (Wolff 1967; Babel 1994 ), but with different results; they obtained 9000 and 11000 K, respectively. Since the average value does not affect the correlations in all photometric systems, we decided to keep it in our sample.
In case of the UVBYBETA calibration, stars resulting in temperatures T uvbyβ < 9000 K can be used without correction. For hotter stars a correction is necessary, listed in Table 2 . If both cases are applied properly to the whole sample, an accuracy better than ∼500 K can be achieved. Some outliers are present, but it is not possible to distinguish whether they are due to a wrong effective temperature determination or because of individual anomalies. Adelman & Rayle (2000) proposed a temperature correction for CP2 stars based on results of the UVBYBETA calibration by Napiwotzki et al. (1993) . They found T uvbyβ = 1.1984T (sp) − 1704 compared to their spectrophotometrically determined temperatures using 17 stars. Applied to our sample, the cool part ( < ∼ 11000 K) is reproduced suitably, whereas the hotter stars are overestimated by about 500 K. This can be explained by the large scatter in the results among the hotter ones.
Recently, Lipski & Stȩpień (2008) presented revised calibrations by means of the reddening free [u − b] and [c 1 ] indices. They found that a quadratic fit is necessary to take the CP2 properties into account. Based on our sample we cannot confirm these results, although their determined temperatures are included in our sample.
The above defined restricted sample and its [u − b] index is compared to average θ eff values in Fig. 3 . We also included the proposed quadratic fit by Lipski & Stȩpień (2008) . To clarify the discrepancy, especially for the cooler stars, we compare their determined temperatures to our averaged ones excluding their results, which is shown in the lower panel of Fig. 3 . One can see that their temperatures for the cooler stars are somewhat underestimated (∼ 370 K). Since the differences between the averaged values with or without these results are marginal, we keep their results in our sample; a too rigorous treatment probably would exclude nearly the entire dataset.
It can be seen in Fig. 3 (upper panel) that an uncritical application of relations based on [u − b] or [c 1 ] results in erroneous data for cool stars. The linear fit based on the [u − b] index was therefore limited to stars hotter than about 9000 K. For this group one can achieve an even more accurate result (±500 K) than after applying the correction Lipski & Stȩpień (2008) . the cool stars also are included, although they are not calibratable via the reddening free index. The lower panel shows the discrepancy of the temperatures determined by the authors to our averaged ones without their results. The line gives the one-to-one relation.
of T uvbyβ . However, without knowledge of additional information like an estimation of temperature via another presented method, it is difficult to separate them. The determined relation is close to former results (Napiwotzki et al. 1993 , Stȩpień 1994 , but also to Lipski & Stȩpień (2008) who included with their quadratic fit a linear correlation for comparison. Temperatures determinable via Geneva X/Y parameters have to be corrected according to Table 2 , whereas the cooler CP2s can be calibrated using the relation θ eff = 0.835 + 0.458(B2 − G) 0 for normal stars by Hauck & North (1982) with good agreement. With these two corrections one can achieve an accuracy better than 500 K for ∼85% of the sample.
The correction found for T XY is closer to the "original" one given by Hauck & North (1993) than to the revised relation by Hauck & Künzli (1996) , based on the new grids for Geneva photometry (Künzli et al. 1997 ) that are also used in the present investigation. The latter one deviates from ours by ∼ ± 400 K, whereas the "original" one differs by ∼ ± 150 K only at the hot and cool end, respectively.
Stars expected to be hotter than about 9000 K can be calibrated based on the Q-parameter without the need for (Table 2) . We noticed missing U BV photometry for numerous CP2 objects. For 11 stars we have not found such data, for 5 stars there is only a lack of (U − B). All photometric systems are capable of estimating effective temperatures of CP2 stars at the same accuracy level with no dependency on temperature. Although it is not possible to separate "strange" peculiar objects (like HD 133880) by averaging the results of all possible calibrations, we propose such a method also for the CP2 stars to reduce errors due to photometric uncertainty.
The (B − V ) 0 calibration for the hotter stars should be only used as last resort, since the sum of errors of photometry and reddening are not negligible. For intermediate stars (∼11000 K) 0.02 mag in total already results in a temperature difference of ∼600 K. The obtained deviations are presented in Fig. 4 neglecting the mentioned calibration. We are able to calibrate nearly 90% of the whole sample within an error of 500 K, still 75% better than ∼300 K.
Among the strongest deviating stars (see Table 3 ), the abovementioned object was found, as well as HD 215441 (Babcock's star) or HD 157751 for which Hubrig & Nesvacil (2007) found resolved magnetically split lines and a mean field modulus of 6.6 kG. The photometrically determined temperatures for this object deviate strongly, only the corrected T uvbyβ result agrees well, whereas the [u − b] relation supplies a temperature already 1750 K too low. The other star (HD 92499) studied by the authors showing the same effect and even a larger magnetic field modulus is unfortunately among the rejected stars due to the poor photometry available.
To have an additional comparison for a possible magnetic effect on photometric temperatures, the relationship was deduced by means of the (B2−G) relation above. Since this object is located at a distance of ∼280 pc, an assumption of E(B − V ) = 0.05 mag is probably the upper limit that leads to a temperature deviating only by 200 K. For HD 215441, exhibiting the strongest magnetic field, only one direct temperature determination is available to our knowledge (Lipski & Stȩpień 2008 , who discussed the problems of its investigation).
CP3 and CP4
Initially analysed separately, no differences between Heweak, He-rich, and CP3 objects were noticed in the gradient of T uvbyβ and T XY results. Therefore these temperature corrections are valid for all CP3 and CP4 members. For the analysis the sample was reduced to stars with at least two temperature determinations, resulting in 14 CP3, 15 CP4a, 9 CP4b, and the two intermediate CP4 objects (see Sect. 2).
HD 137509 exhibits the second largest magnetic field beside Babcock's star (e.g. Mathys & Hubrig 1997; ) and was found to be Si Cr Fe enhanced, but also strongly He underabundant. We therefore included it as a first attempt in the group of He-weak objects. However, like HD 133880 in the CP2 sample, this star was excluded from the analysis because of the large deviation. An inclusion in the CP2 group also would lead to such a rejection. The investigation of HD 137509 by Shulyak et al. (2008) shows that appropriate models should be used for the analysis of stars with such a large magnetic field ( B ∼ 29 kG). They suggest a temperature about 1000 K higher for this star than previously published, correcting the temperature in the right way according to its deviation, placing it within the scatter of the other representatives in our sample.
Although for the He-rich object HD 60344 two independent temperature determinations are available, it was also excluded from the analysis due to the strongly differing results producing a standard deviation of more than 2000 (see Table 3 ). The same holds for the CP3 star HD 23408, exhibiting an error of more than 8%.
Temperatures for CP4 objects obtained via the UVBYBETA calibration and Geneva X/Y parameters are found to be overestimated compared to effective temperatures reported in the literature (see Fig. 5 ). Even for CP3 stars a correction of up to 400 K is necessary, continuing the trend of CP4 stars. A tendency to change with temperature for CP3 and T uvbyβ results was already noticed by Adelman & Rayle (2000) , and their correction is close to ours.
Former investigations (e.g. Hauck & North 1993) suggested the direct use of Geneva X/Y temperature for Heweak and HgMn stars, whereas Zboril et al. (1997) noticed an overestimation of Geneva temperature for He-rich objects. Their proposed correction is in fair agreement with our result. However, in contrast to our study they included similar errors for both axes to determine the relation, but did not list the errors used. In Fig. 5 one can see that a direct use of the Geneva results significantly overestimates the temperature.
Due to the limited number of available cluster CP3s, a comparison to the photometric colour excess estimations is not significant. Since there are only a few objects closer than 100 pc, a temperature calibration based on the Johnson (B − V ) index, very probably affected by interstellar reddening, was not undertaken. For the CP4 group also only the reddening free Q-parameter was investigated, as at such high temperatures even a small reddening error already results in a large deviation (see also Sect. 4.2) .
Inspecting the reddening free Q and [u − b] indices, the different properties of CP3 and CP4 stars are apparent. Among the CP3 objects two sequences are noticed, one following the He representatives. Therefore the CP3 sample was divided into two groups, the "classical" cooler HgMn stars (CP3a) and predominantly hotter ones (CP3b). Members of the latter group can be mostly considered as PGa objects, the hotter extension of HgMn stars, exhibiting deficient He and strongly overabundant P and Ga (Hubrig & González 2007; Rachkovskaya et al. 2006) . We have noticed that several of these objects were studied as pure He-weak objects (e.g. by Cidale et al. 2007 ). Additional publications helped to clarify their membership to the CP3 (sub)group. However, since the temperature behaviour of CP3b and CP4 members is similar in all investigated systems, an ambiguous classification fortunately does not influence the resulting temperature.
Using the reduced samples mentioned above, the CP4 are combined with the three members of the CP3b group to determine the relations for Q and [u − b] . The exclusion of the latter group does not alter the results listed in Table  2 . Due to the limited number of cooler HgMn objects with more than one temperature determination, the whole sample of 18 stars was used for the analysis to better cover the temperature range.
The U BV and [u−b] calibrations applied to HD 137509 agree well with the temperature of 13750 K proposed by Shulyak et al. (2008) . However, that can be also by chance due to its variability. An amplitude of about 0.1 mag was found in the Geneva [U] colour by Mathys & Lanz (1997) . All other results indicate a consistently higher temperature for this star after the corrections (14630 and 14500 K for Geneva and uvbyβ photometry, respectively). See also Sect. 4.4 in this respect.
For the hot CP4b star CPD−62 2124, we noticed large differences between the Strömgren and U BV results. Since this star agrees very well with the Johnson Q relation, the discrepancy is probably caused by the Strömgren photometry taken from Perry & Landolt (1986) , therefore this result is rejected. Unfortunately, no Geneva photometry is available for a comparison in this system. However, Zboril et al. (1997) noted, that this star shows emission at least in its Balmer lines and the helium abundance is less reliable. Additionally, the emission was not only seen in the star but also in the surrounding sky, caused by a nebula.
The deviations of the determined temperatures compared to literature values are presented in Figs. 6 and 7 for CP3 and CP4 stars respectively. All investigated photometric systems show the same ability to calibrate effective temperatures for the individual subgroups. An average of all results does not provide an improvement in accuracy, but helps to avoid erroneous temperatures due to wrong photometry in a single system. About 85% of the CP3 stars are calibrated to better than 500 K, for the subgroup of HgMn objects even a slightly better result (∼ 400 K) can be obtained. In the case of CP4 members, one can achieve an accuracy of ∼700 K. However, in all groups some stronger deviating objects are found, which are discussed in Sect.
4.4.
Like the Am group, CP3 stars are often part of spectroscopic binaries. Adelman & Rayle (2000) , a main contributor to our sample, overcame this problem by studying single objects or those whose companions have not been detected or contribute very little to the optical region fluxes. A restriction to objects studied in this reference (10 stars) reduces the error range to ∼ 300 K. However, this CP group still suffers from a lack of well investigated stars. In Tables 6 and 7 the compiled data are listed. For some objects, the peculiarity type given by Renson et al. (1991) 
Strong deviating objects
In Table 3 one can find the strongest deviating stars after applying individual corrections. For the star HD 37470 the standard temperature calibrations result in a much better agreement than the corrected values. The same holds for DM −27 3748 and HD 21699. However, the latter object is a striking helium and silicon variable (Hubrig & Mathys 1994 ) and the deviation of the other is still below 5%. For HD 51688, showing enhanced Si Mn, but also a He-weak behaviour, the CP2 corrections would reduce the deviation significantly to −290 K. The object HD 66522 also agrees much better as a CP2, although its high temperature excludes it from this group. In Sect. 4.3 large differences between the individual photometric results for the strong magnetic object HD 137509 were noticed, which are not found to such an extent using the CP2 relations. Also the deviation from literature values are noticeably reduced to −720 K, when treating it as CP2. If using the study by Shulyak et al. (2008) for comparison, the temperature difference decreases to +360 K, but the use of the CP4 corrections also results in a good agreement with the reference above. However, the more homogeneous photometric results suggest that this object should be classified as CP2. It seems that strong magnetic fields do not have such a large influence on the photometric temperatures. For the other strong magnetic CP2 stars HD 215441, HD 133880, and HD 157751, an investigation like in Shulyak et al. (2008) would be useful to obtain more comparative values. No influence on the temperature calibrations is given due to probable misclassifications, since none of these objects were used for the calculations. Nevertheless, a spectroscopic reinvestigation of the listed stars is necessary, in order to clarify their status and temperature. For most of them only one temperature determination or strongly differing result is found in the literature. Hauck (1985) d taken from Hauck & North (1982) 
Bolometric correction
Two studies (Landstreet et al. 2007; Lipski & Stȩpień 2008 ) examined the bolometric correction (BC) for magnetic CP stars. Both investigations presented a relation based on effective temperature, a more appropriate solution than the one by Lanz (1984) on the basis of the Geneva (B2 − G) colour index. While the first reference shows a comparison of published BCs to photometrically determined temperatures, the second authors used their own results for the correlation, whose temperature determinations were discussed in Sect. 4.2. Since we have shown that the former temperature corrections are partially inaccurate, we checked the validity of the two findings using our sample of averaged effective temperatures. For this purpose we collected the integrated fluxes (F t ) for objects in our sample reported in the references above, and some more by Shallis & Blackwell (1979) , Shallis et al. (1985) , Glushneva (1987) , Monier & Mégessier (1992) , Cidale et al. (2007) , and Bruntt et al. (2008) to build averages whenever possible and calculated a mean BC using
In total, we found 85 individual fluxes for 35 CP2, 7 CP3 and 11 CP4 objects. To be as homogeneous as possible, the visual magnitude (m v ) of the Geneva photometric system was used whenever available, corrected for interstellar absorption by using the determined reddening values and a mean total-to-selective ratio of 3.1.
For HD 22920 we noticed that the integrated flux listed by Lanz (1984) is most likely an error, the value does not correspond to the given bolometric correction. We therefore used the tabulated BC value directly for this star, since it perfectly agrees with the compiled temperature. Landstreet et al. (2007) argued that the integrated fluxes by Stȩpień & Dominiczak (1989) are not corrected for reddening and removed the hottest (farthermost) stars from their sample. We therefore checked all objects by means of the determined reddening values. All objects in references with no explicitly given reddening values are not significantly reddened (< 0.03 mag), but we rejected four deviating (CP2) objects by comparing the listed E(B − V ) values in the work by Lipski & Stȩpień (2008) to ours. For the remaining 42 magnetic CP objects the second order fit BC = −5.737 + 18.685θ eff − 15.135θ 2 eff , valid for 7500-19000 K, best represents their behaviour. Even the restriction to nearly non reddened (< 0.03 mag) stars or the use of objects with at least two integrated flux measurements does not alter the result significantly, but the cool part especially is not sufficiently covered by such data.
The data are presented in Fig. 8 together with the relation determined above. No difference was noticed between magnetic CP2 and CP4 objects, however only a small temperature overlap between the two groups is available. Within the temperature range of 7500-14000 K an uncertainty of 0.1 mag applies; for hotter stars up to ∼19000 K a slightly higher value of 0.15 mag has to be taken into account. The discrepancy of −0.16 mag with the result by Landstreet et al. (2007) at the hot end (Fig. 8) is probably caused by the use of overestimated photometric temperatures for He-weak stars in this reference (see Sect. 4.3 and Fig. 5 in this respect) that lowers the resulting slope. However, the large scatter and low number of He objects still prevents a clear conclusion for such hot CP representatives, but at least the main CP2 temperature domain up to 14000 K seems to be well defined. In contrast to the reference above, the relation by Lipski & Stȩpień (2008) is shifted to larger negative BC values (see Fig. 8 ) in this temperature region, placing it close to the BC of normal stars. This can be explained due to the lower temperatures mentioned in Sect. 4.2, by the use of a zero reddening for all stars closer than 100 pc and E(B − V ) ≤ 0.03 mag as well as by the difference of the constant used to transform integrated fluxes to the bolometric correction. The bolometric correction for normal stars by Balona (1994) and CP2/4 CP3 this study Flower (1996 ) Balona (1994 Bolometric correction [mag] T eff 10 -3
[K] Fig. 8 . Bolometric corrections for CP stars together with our fit (solid black line) and the relations for normal stars by Balona (1994) and Flower (1996) . For better presentation, the comparison of our fit to Lipski & Stȩpień (2008) and Landstreet et al. (2007) is shifted by −0.6 mag. Whenever available, the error of BC according to error propagation using the standard deviation of the averaged integrated fluxes and 0.02 mag in reddening is given. Additionally the standard deviation of the averaged temperatures is shown. Flower (1996) is given as a comparison in Fig. 8 . The difference in BC between normal and CP stars of same temperature is not larger than about 0.1 mag, in agreement with Kochukhov et al. (2008) who determined using model fluxes a systematic difference of the same value. Concerning CP3 stars, the situation is even more problematic because of the extremely limited number. For the two closest stars ( < ∼ 50 pc) zero reddening was assumed, for the others the values by Lanz (1984) and Cidale et al. (2007) were adopted. One strongly deviating object (HD 358) can be found in Fig. 8 , the others are placed around the normal star relation, but we conclude that the available data has to be increased significantly, which also holds for the magnetic CP types, especially for the hotter representatives.
Conclusions
The literature was consulted to compile a sample of 176 chemically peculiar stars with temperature determinations other than from photometric results, in order to calibrate photometrically determined temperatures. The obtained corrections and relations listed in Table 2 are therefore based on a much larger sample than in previous studies. A clear CP classification is necessary in order to use the proper correction and to obtain the best possible result. Except the (B − V ) 0 relation for hot CP2 stars (see Table  2 ), all presented corrections within the respective CP subgroups are able to determine the effective temperature at about the same accuracy level. However, to avoid erroneous results due to incorrect photometry in a single system, a mean value of all available individual results should be always used.
A comparison to former results showed that Heweak and He-rich objects especially have been overestimated until now, influencing all previous studies (e.g. Landstreet et al. 2007 ). The new lower temperatures and bolometric corrections will place their hotter (CP4) objects at somewhat older ages, on the border of the adopted errors. These authors also discussed the problems of photometric temperatures (see Sect. 3.2.2. in the reference) referring to the work by Khan & Shulyak (2006) who conclude that photometric temperature calibrations for normal stars are not far from the true values of CP stars. However, the present study confirms that compared to normal stars, sometimes considerable corrections are necessary (except cool Am and CP2 stars), although we cannot exclude effects influencing all compiled temperatures determined via different methods. For example, the effect of strong magnetic fields has to be examined on a much larger sample. On the other hand, the presented results for HD 137509 together with the work by Shulyak et al. (2008) would seem to suggest that photometric temperatures are not significantly affected.
Recently, Bruntt et al. (2008) obtained the first real direct temperature measurement for the roAp HD 128898 by means of angular diameter and integrated flux measurements. Their investigation yields a 480 K lower temperature compared to the spectral analysis by Kupka et al. (1996) . For a final solution of the problematic CP temperature calibration, more studies of this kind are needed.
It was shown that photometric standard calibrations can be applied to determine interstellar reddening also for CP2 and CP4 objects. Additionally, a revised bolometric correction for magnetic CP stars is presented. Together with the proposed photometric temperature relations it can serve to study the evolutionary status of these objects to the highest possible accuracy.
The Tables 4−7 , available in electronic form at A&A, list the compiled objects of the individual CP groups together with average temperature (literature value T eff and photometrically determined T phot ), number of literature sources #, the deviation ∆T , visual magnitude m v , the revised Hipparcos parallaxes π, and the bolometric corrections found in the literature. The existing photometry is given in the form uvbyβ/Geneva/U BV . For the magnetic subgroups the calculated reddening also is shown. In parentheses the errors of the last significant digits are given. The peculiarity type listed in the CP2-4 sample is taken from Renson et al. (1991) . Table 8 lists the references found for the individual stars, as well as the method used for the temperature determination. 
